Bioorganically doped sol-gel materials containing amyloglucosidase activity by Vlad-Oros Beatrice et al.
UDC 663.15:577.151.3:661.182
APTEFF, 37, 1-192 (2006) BIBLID: 1450–7188 (2006) 37, 179-186
Original scientific paper
179
Beatrice Vlad-Oros, PhD Student; Dr. Gabriela Preda; Dr. Adrian Chiriac, Professor, Department of Chemistry,
)DFXOW\RI&KHPLVWU\%LRORJ\*HRJUDSK\:HVW8QLYHUVLW\RI7LPLúRDUD'U0RQLFD'UDJRPLUHVFX
Faculty of Animal Science and Biotechnologies, Banat University of Agricultural Sciences and Veterinary
0HGLFLQH'U&HFLOLD6DYLL5RPDQLDQ$FDGHP\,QVWLWXWHRI&KHPLVWU\&'UDJXOHVFX7LPL
úRDUD5RPDQLD
BIOORGANICALLY DOPED SOL-GEL MATERIALS CONTAINING 
AMYLOGLUCOSIDASE ACTIVITY
Beatrice Vlad-Oros, Monica Dragomirescu, Gabriela Preda,
 Cecilia Savii and Adrian Chiriac
Amyloglucosidase (AMG) from Aspergillus niger was encapsulated in various ma-
trices derived from tetraethoxysilane, methyltriethoxysilane, phenyltriethoxysilane and vi-
nyltriacetoxysilane by different methods of immobilization. The immobilized enzyme was 
prepared by entrapment in two steps, in one-step and entrapment/deposition, respectively. 
The activities of the immobilized AMG were assayed and compared with that of the native 
enzyme. The effects of the organosilane precursors and their molar ratios, the immobilization 
method, the inorganic support (white ceramic, red ceramic, purolite, alumina, TiO2,
celite, zeolite) and enzyme loading upon the immobilized enzyme activity were tested.
7KHHI¿FLHQF\RIWKHVROJHOELRFRPSRVLWHVFDQEHLPSURYHGWKURXJKFRPELQDWLRQRIWKH
fundamental immobilization techniques and selection of the precursors.
.(<:25'6 $P\ORJOXFRVLGDVH$0*WHWUDHWKR[\VLODQHPHWK\OWULHWKR[\VLODQH
 SKHQ\OWULHWKR[\VLODQHYLQ\OWULDFHWR[\VLODQHHQWUDSPHQW
entrapment/deposition; sol-gel
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*HQHUDOO\WKHVRO±JHOPHWKRGKDVEHHQXVHGLQWKHSUHSDUDWLRQRILQRUJDQLFR[LGLF
QHWZRUNVE\K\GURO\VLVDQGSRO\FRQGHQVDWLRQRIDONR[LGHV6LOLFDKRVWPDWULFHVPDGHE\
the sol-gel process, have emerged as a promising platform for encapsulation of biomol-
HFXOHVVXFKDVHQ]\PHVDQWLERGLHVDQGFHOOV(Q]\PHV¿QGDPRUHVWDEOHHQYLURQPHQW
upon encapsulation in a silica host, because the polymeric framework grows around the
biomolecule, creating a cage and thus protecting the enzyme from aggregation and unfold-
LQJ7KHVHVLOLFDPDWULFHVDUHFKHPLFDOO\LQHUWK\GURSKLOLFDQGLQH[SHQVLYHWRV\QWKHVL]H
7KH\DOVRH[KLELWKLJKHUPHFKDQLFDOVWUHQJWKHQKDQFHGWKHUPDOVWDELOLW\DQGQHJOLJLEOH
swelling in organic solvents compared to most organic polymers. Other advantages of
silica supports include biocompatibility and resistance to microbial attack. Due to the
facilities offered by sol-gel method, this becomes the main way to obtain hybrid materials
%LRRUJDQLFDOO\GRSHGVROJHOPDWHULDOVKDYHIRXQGLQFUHDVLQJDSSOLFDWLRQLQDZLGH
YDULHW\RI¿HOGVVXFKDVELRVHQVLQJDI¿QLW\FKURPDWRJUDSK\DQGELRFDWDO\VLV
$P\ORJOXFRVLGDVH$0*Į'JOXFDQJOXFRK\GURODVH(&LVDQH[R
enzyme, one of the most economically important enzymes used in many industrial pro-
FHVVHV([DPSOHVRIWZRLQGXVWULHVWKDWKDYHWDNHQDGYDQWDJHVRIWKLVGHYHORSPHQWDUHWKH
VZHHWHQHUDQGHWKDQROLQGXVWULHV7RLQFUHDVHWKHHI¿FLHQF\DQGSUR¿WDELOLW\RIWKLV
SURFHVV$0*ZDVLPPRELOL]HGE\WKHVROJHOWHFKQLTXHRQGLIIHUHQWLQRUJDQLFVXSSRUWV
,PPRELOL]HGHQ]\PHSUHSDUDWLRQVZHUHFKDUDFWHUL]HGE\K\GURO\VLVRIVWDUFKDQGFRP-
pared with the native enzyme.
(;3(5,0(17$/
$0*IURPAspergillus niger ZDVREWDLQHGIURP1RYR7KHIROORZLQJSUHFXUVRUVZHUH
XVHGIRUVROVSUHSDUDWLRQWHWUDHWKR[\VLODQH7(26PHWK\OWULHWKR[\VLODQH07(6SKH
Q\OWULHWKR[\VLODQH3K7(6DQGYLQ\OWULDFHWR[\VLODQH97$6DOOIURP6LJPD$OGULFK
Soluble potatoes starch was purchased from Bender & Hobein. All the other chemicals
ZHUHDQDO\WLFDOJUDGHDQGZHUHXVHGZLWKRXWIXUWKHUSXUL¿FDWLRQ
Encapsulation of enzyme by sol-gel process ZDVSHUIRUPHGLQWKUHHGLIIHUHQWZD\V
 6LOLFDVROZDVREWDLQHGIURP7(26HWKDQRODQGZDWHUYYLQDFLGFD
WDO\VLW0+&O7KHQWKHVROZDVPL[HGZLWKHWKDQRODQGZDWHUYY
GURSV1+DQGP/EXIIHUHGHQ]\PHVROXWLRQFRQWDLQLQJP/$0*
 7(26DQGHQ]\PHVROXWLRQFRQWDLQLQJP/$0*YYZHUHPL[HGZLWK
39$SRO\YLQ\ODOFRKRO01D)DQGLVRSURS\OLFDOFRKRO
YY
 +\EULGPDWULFHVZHUHSUHSDUHGXVLQJWKHIROORZLQJ6LSUHFXUVRUVWHWUDHWKR[\VLODQH
7(26PHWK\OWULHWKR[\VLODQH07(6SKHQ\OWULHWKR[\VLODQH3K7(6DQGYLQ\OWUL-
DFHWR[\VLODQH97$67KHPL[WXUHFRQWDLQLQJWKHDONR[LGHVLQGLIIHUHQWPRODUUDWLRV
HWKDQROZDWHU7DEOHDQGȝ/+&O0ZDVVWLUUHGIRUDQKRXU7KHQ
P/EXIIHUHGHQ]\PHVROXWLRQFRQWDLQLQJP/$0*DQGȝ/01D)ZHUH
DGGHGXQGHUVWLUULQJ
,QDOOFDVHVWKHJHODWLRQRFFXUUHGLQDIHZPLQXWHV7KHJHOVZHUHOHIWRYHUQLJKWIRU
DJLQJ&ZDVKHGZLWKnKH[DQHDQGGULHG&7KHJHODWLRQZDVDOVRSHUIRUPHGLQ
WKHSUHVHQFHRIJRIGLIIHUHQWVXSSRUWVFHOLWHZKLWHFHUDPLFUHGFHUDPLFSXUROLWHDOX-
mina, TiO]HROLWH181
Table 1. The chemical composition of the hybrid matrices
Alkoxides Molar ratio
$ONR[LGHV EtOH/HO
VTAS/TEOS  
PhTES/TEOS  
PhTES/TEOS  
07(67(26  
07(67(26  
07(67(26  
Residual starch concentration assay (I2/I–):P/VROXEOHVWDUFKP/
SKRVSKDWHEXIIHU0S+DQGJLPPRELOL]HGELRFDWDO\VWZHUHLQFXEDWHG
IRUPLQDW&P/VROXWLRQ,,-0DQGP/GLVWLOOHGZDWHUZHUHDGGHG7KH
VDPSOHVZHUH¿OWHUHG7KHDEVRUEDQFHZDVPHDVXUHGDWQPDJDLQVWGLVWLOOHGZDWHU
2QHXQLWRI$0*DFWLYLW\ZDVGH¿QHGDVWKHDPRXQWRIHQ]\PHUHTXLUHGWRK\GURO\]H
PJVWDUFKLQPLQDW&ZKHQPJVWDUFKZDVSUHVHQWDWWKHVWDUWRIWKHUHDFWLRQ
Reducing sugars assay: P/VROXEOHVWDUFKP/FLWUDWHSKRVSKDWHEXIIHU
0S+DQGJLPPRELOL]HGELRFDWDO\VWZHUHLQFXEDWHGIRUPLQDW&DQG
WKHQP/GLQLWURVDOLF\OLFDFLGUHDJHQW'16ZDVDGGHG7KHVDPSOHVZHUHERLOHGLQ
ZDWHUIRUPLQDQGP/ZDWHUZDVDGGHG7KHVDPSOHVZHUH¿OWHUHGDQGDVVD\HGDW
QPDJDLQVWEODQNFRQWDLQLQJVROXEOHVWDUFKFLWUDWHSKRVSKDWHEXIIHU'16UHDJHQWDQG
GLVWLOOHGZDWHU2QHXQLWRI$0*DFWLYLW\ZDVGH¿QHGDVWKHDPRXQWRIHQ]\PHUHTXLUHG
WRSURGXFHȝPRORIJOXFRVHLQPLQDW&
Protein concentration ZDVGHWHUPLQHGE\WKH/RZU\PHWKRG6DPSOHVZKHUH
assayed against the blank prepared in the same way but with water instead sample. A bo-
vine serum albumin calibration curve was used.
5(68/76$1'',6&866,21
7KHDLPRIWKLVZRUNZDVWR¿QGWKHPRVWIDYRUDEOHVROJHOSURFHVVWKDWHQKDQFHVWKH
DFWLYLW\RIWKHHQWUDSSHG$0*%HFDXVHRIWKHDYDLODELOLW\RIWKHSUHFXUVRUDQGWKHHDVL-
QHVVRIWKHPHWKRGDWZRVWHSVROJHOSURFHGXUHEDVHGRQWKHW\SLFDOWHWUDHWR[\VLODQHZD-
WHU+&OUHDFWLRQPL[WXUHZDVXVHGIRUWKHHQFDSVXODWLRQRI$0*LQVLOLFDPDWULFHV7R
RSWLPL]HWKHLPPRELOL]DWLRQSDUDPHWHUVWKHHQ]\PHORDGLQJ)LJDQGWKHZDWHU7(26
UDWLR)LJZHUHDVVD\HG2XUUHVXOWVVXJJHVWWKDWWKHEHVWZDWHU7(26UDWLRLV%\
increasing the enzyme loading, in the case of TEOS, the immobilization yields remained
UHODWLYHO\VPDOO7KHQDQRSRURXVQDWXUHRIWKHVHPDWULFHVSRUHVL]HRIDSSUR[L-
PDWHO\cWRWDOSRUHYROXPHRIFPJDQG%(7VXUIDFHDUHDRIPJ
that lead to a low diffusion rate of the substrate and poor accessibility of enzyme, as well
DVWKHXQIDYRUDEOHLQWHUDFWLRQEHWZHHQWKHPDWUL[DQGWKHHQ]\PHPD\EHUHVSRQVLEOHIRU
WKHORVVRIWKH$0*DFWLYLW\
Fig. 1. 7KHLQÀXHQFHRIHQ]\PHORDGLQJ
RQWKHLPPRELOL]DWLRQHI¿FLHQF\
in the case of silica matrices
Fig. 2. 7KHLQÀXHQFHRI+O/TEOS ratio on
$0*DFWLYLW\
:HWULHGWRLQFUHDVHWKHLPPRELOL]DWLRQHI¿FLHQF\E\FKDQJLQJWKHHQWUDSPHQWWHFK-
QLTXHXVLQJRQHVWHSPHWKRGRILPPRELOL]DWLRQDFRPELQHGPHWKRG±HQWUDSPHQWGHSR-
VLWLRQDQGYDULRXVSUHFXUVRUVUHVSHFWLYHO\,QDOOWKHFDVHVWKHDFWLYLWLHVZHUHDVVD\HGE\
ERWKPHWKRGV,,-'16DQGWKHWUHQGVZHUHVLPLODU
7KUHHGLIIHUHQWPHWKRGVRI$0*LPPRELOL]DWLRQLQVLOLFDQHWZRUNXVLQJRQO\7(26
DVSUHFXUVRUZHUHFRPSDUHG7KH¿UVWRQHLVWKHLPPRELOL]DWLRQWHFKQLTXHFRQVLVWLQJRI
two steps; the second method is a one-step method of immobilization; and the third is
HQWUDSPHQWGHSRVLWLRQ)LJ7KRXJKWKHVHFRQGPHWKRGJDYHTXLWHJRRGUHVXOWVWKH
DFWLYLW\ZDVIRXUWLPHVKLJKHUWKHEHVWRQHVZHUHDUHREWDLQHGE\HQWUDSPHQWGHSRVLWLRQ
ZKHQWKHDFWLYLW\ZDVLQFUHDVHGVL[WLPHV
Fig. 3. &RPSDULVRQRIWKHPHWKRGRILPPRELOLVDWLRQRI$0*RQYDULRXVVXSSRUWV
Glucoamylase was entrapped using a combined method, attempting to reduce diffu-
VLRQDOSUREOHPVSUHVHQWLQDQ\QHWZRUN7KH$0*ZDVLPPRELOL]HGE\VROJHOWHFKQLTXH
andthenaninorganicsupport,celite,wasadded.Theresultsobtainedusingtheentrapment
DQGWKHHQWUDSPHQWGHSRVLWLRQPHWKRGDUHFRPSDUHG7DEOH%\HQWUDSPHQWGHSRVLWLRQ
WKHDFWLYLWLHVLQFUHDVHGE\DQGWLPHVUHVSHFWLYHO\LQWKHFDVHRI3K7(67(26
DQGE\DQGWLPHVUHVSHFWLYHO\LQWKHFDVHRI7(26DQG07(67(267KH
results suggest that the method of choice should be entrapment/deposition.
Table 2. 7KHLQÀXHQFHRIWKHLPPRELOL]DWLRQPHWKRGRQ$0*DFWLYLW\ERXQGWRYDULRXVVXSSRUWV
Immobilization method Precursors AMG activity (U/g) Protein content (mg/g)
Entrapment TEOS   
3K7(67(26   
3K7(67(26    
07(67(26   8.11
07(67(26    
Entrapment/deposition
0DWULFHV&HOLWH
TEOS   
3K7(67(26   
3K7(67(26    
07(67(26    
07(67(26   8.78
Amyloglucosidase was also immobilized in gels derived from TEOS – method 1, and organo-
VLODQHVLH07(63K7(697$6±PHWKRGWKURXJKWZRVWHSVROJHOSURFHVVHV7R
¿QGWKHEHVWFRQGLWLRQVWKDWHQKDQFHWKHDFWLYLW\RIWKHHQWUDSSHG$0*WKHHIIHFWRIWKH
RUJDQRVLODQHSUHFXUVRUVDQGWKHLUPRODUUDWLRVZHUHLQYHVWLJDWHG)LJ7KHEHVWUHVXOWV
ZHUHREWDLQHGIRU07(67(26PRODUUDWLRRI
Fig. 4.$0*LPPRELOL]HGRQGLIIHUHQWVROJHOPDWULFHs
8VLQJWKHHQWUDSPHQWGHSRVLWLRQPHWKRGWKHLQÀXHQFHRIGLIIHUHQWLQRUJDQLFVXSSRUWV
XSRQWKHDFWLYLW\RIWKHHQ]\PHZDVWHVWHG6RPHRIVXSSRUWVLHZKLWHFHUDPLFUHG
FHUDPLFSXUROLWH]HROLWHDUHLQGLJHQHVIURPORFDOVRXUFHV6RPHRIWKHPDUHHFRORJLFDO
and are used in agriculture, horticulture, etc. The others are well known as supports for
HQ]\PHLPPRELOL]DWLRQDOXPLQD7L2FHOLWH:HREWDLQHGWKHEHVWUHVXOWVXVLQJ]HROLWH
7DEOH
Table 3. 7KHLQÀXHQFHRIW\SHRIPDWULFHVRQ$0*LPPRELOL]DWLRQE\HQWUDSPHQWGHSRVLWLRQ
Type of matrices AMG Activity (U/g) Protein content (mg/g)
07(67(26 $OO  
07(67(26 6WDQGDUG  8.11
07(67(26 SXUROLWH  
07(67(26 ZKLWHFHUDPLF  
07(67(26 UHGFHUDPLF  
07(67(26 FHOLWH  
07(67(26 7L2  
07(67(26 ]HROLWH  
,QWKHFDVHRIWKHVLOLFD07(67(26±DOXPLQD[HURJHOWKHDFWLYLW\ZDVEHORZ
WKHVWDQGDUGVRZHWULHGWRHQKDQFHLWE\LQFUHDVLQJWKHHQ]\PHORDGLQJ7DEOH7KH
HQ]\PHDFWLYLW\LQFUHDVHVZLWKHQ]\PHORDGLQJWRDPD[LPXPWKHQGHFUHDVHVSUREDEO\
because of steric hindrance and enzyme agglomeration. The best results were obtained at
DUDWLRRIP/P/VRO8P/VRO%\LQFUHDVLQJWKHHQ]\PHORDGLQJWLPHV
WKHDFWLYLW\HQKDQFHGDSSUR[LPDWHO\WLPHVVRWKHPDLQIDFWRULQHQKDQFLQJWKHHQ]\PH
activity proved to be the support and not the enzyme loading.
Table. 4.,QÀXHQFHRIHQ]\PHORDGLQJRQWKHLPPRELOL]DWLRQHI¿FLHQF\
MTES:TEOS=1:1 + Al2O3
Enzyme loading (mL AMG)
I2/I- Activity
(U/g)
Protein content
(mg/g)
  
  
  
  
  
1  
&21&/86,216
7KHVROJHOLPPRELOL]DWLRQLVDSURPLVLQJWHFKQLTXHEHFDXVHLWDOORZVWKHREWDLQLQJ
RIDVROLGPDWHULDOHDVLHUWRPDQLSXODWHWKDQQDWLYHHQ]\PHOLTXLGLQWKHFDVHRI$0*
$OVRWKHGHFUHDVHRIFDWDO\WLFHI¿FLHQF\RIWKHHQ]\PHLVSDUWLDOO\FRPSHQVDWHGE\WKHLQ-
crease of the enzyme stability, as it has to be proved in future work. Even if the most usual
PHWKRGRILPPRELOL]DWLRQXVHV7026DQGLWVGHULYDWLYHVWKLVVWXG\VKRZVWKDW7(26
ZKLFKLVOHVVUHDFWLYHDQGDOVROHVVH[SHQVLYHLVVXLWDEOHWRR)XUWKHUVWXGLHVVKRXOGHOXFL-
GDWHKRZWKHSUHFXUVRUVLQÀXHQFHWKHWH[WXUDOFKDUDFWHULVWLFVRIWKHPDWULFHV
%\H[SORULQJRUFRPELQLQJDYDLODEOHPHWKRGVRUNQRZOHGJHRUE\H[SORLWLQJWKHSRVL
tive attributes of each immobilization method, the performance of immobilized enzymes
can be improved the levels that were previously unattainable by using single immobiliza-
tion methods. A rational combination of various immobilization methods is a valuable
approach to obtain robust immobilized enzymes, which cannot be obtained by the straight-
forward immobilization.
$&.12:/('*(0(17
7KLVZRUNZDVVXSSRUWHGE\&((;SURMHFWFRQWUDFWQXPEHU
VXESURJUDP0$71$17(&+
5()(5(1&(6
 -LWLDQX$$%ULWFKL&'HOHDQX9%DGHVFXDQG0=DKDUHVFX&RPSDUDWLYHVWXG\
RIWKHVRO±JHOSURFHVVHVVWDUWLQJZLWKGLIIHUHQWVXEVWLWXWHG6LDONR[LGHV-1RQ&U\VW
Solids 319±
 %KDWLD5%&-%ULQNHU$.*XSWDDQG$.6LQJK$TXHRXVVROJHOSURFHVVIRU
SURWHLQHQFDSVXODWLRQ&KHP0DWHU12 
 3HWHU)/3RSSH&.LVV(6]RFV*3UHGD&=DUFXODDQG$2OWHDQX,QÀXHQFH
of precursors and additives on microbial lipases stabilized by sol-gel entrapment.
Biocatal. Biotransform. 23
 %ULQNHU-DQG*:6FKHUHU6RO*HO6FLHQFH7KH3K\VLFVDQG&KHPLVWU\RI6RO
*HO3URFHVVLQJ$FDGHPLF3UHVV%RVWRQS
 &DR/,PPRELOLVHGHQ]\PHVVFLHQFHRUDUW"&XUU2SLQ&KHP%LRO9
±
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ȺɦɢɥɨɝɥɭɤɨɡɢɞɚɡɚȺɆȽɢɡɝʂɢɜɟAspergillus nigerʁɟɢɧɤɚɩɫɭɥɢɪɚɧɚɭɤɚɩɫɭ
ɥɭɫɚɪɚɡɥɢɱɢɬɢɦɦɚɬɪɢɤɫɢɦɚɤɨʁɢɫɭɞɨɛɢʁɟɧɢɨɞɬɟɬɪɚɟɬɨɤɫɢɫɢɥɚɧɚɦɟɬɢɥɬɪɢɟɬɨ
ɤɫɢɫɢɥɚɧɚɮɟɧɢɥɬɪɢɟɬɨɤɫɢɫɢɥɚɧɚɢɜɢɧɢɥɬɪɢɚɰɟɬɨɤɫɢɥɚɧɚɪɚɡɥɢɱɢɬɢɦɦɟɬɨɞɚɦɚ
ɢɦɨɛɢɥɢɡɚɰɢʁɟ
ɂɦɨɛɢɥɢɡɚɰɢʁɚɟɧɡɢɦɚʁɟɩɨɫɬɢɝɧɭɬɚɭɞɜɚɤɨɪɚɤɚɭʁɟɞɧɨʁɮɚɡɢɢɢɧɤɚɩɫɭɥɢɪɚ
ʃɟɦɞɟɩɨɡɢɰɢʁɨɦɪɟɞɨɦȺɤɬɢɜɧɨɫɬɢɢɦɨɛɢɥɢɫɚɧɟȺɆȽɫɭɢɫɩɢɬɚɧɟɢɩɨɪɟɻɟɧɟ
ɫɚɧɟɜɟɡɚɧɢɦɟɧɡɢɦɨɦɂɫɩɢɬɢɜɚɧɢɫɭɭɬɢɰɚʁɩɪɟɤɭɪɫɨɪɚɧɚɛɚɡɢɨɪɝɚɧɨɫɢɥɚɧɚɢ
ʃɢɯɨɜɦɨɥɚɪɧɢɨɞɧɨɫɦɟɬɨɞɚɢɦɨɛɢɥɢɡɚɰɢʁɟɧɟɨɪɝɚɧɫɤɢɧɨɫɚɱɛɟɥɚɤɟɪɚɦɢɤɚ
ɰɪɜɟɧɚɤɟɪɚɦɢɤɚɚɥɭɦɢɧɚ7LɈɡɟɨɥɢɬɢɰɟɥɢɬɩɭɪɨɥɢɬɢɚɤɬɢɜɧɨɫɬɢɦɨɛɢɥɢɫɚ
ɧɨɝɟɧɡɢɦɚȿɮɢɤɚɫɧɨɫɬɫɨɥɝɟɥɛɢɨɤɨɦɩɨɡɢɬɚɦɨɠɟɫɟɩɨɛɨʂɲɚɬɢɤɨɦɛɢɧɚɰɢʁɨɦ
ɨɫɧɨɜɧɢɯɬɟɯɧɢɤɚɢɦɨɛɢɥɢɡɚɰɢʁɟɢɢɡɛɨɪɨɦɩɪɟɤɭɪɫɨɪɚ
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